The quantities of endogenous indol-3y1-acetic acid (IAA) in endosperms and scutella of 6-day-old maize seedlings (Zea mays L. cv Giant White Horsetooth) were determined by a fluorimetric method. Endosperms were found to contain 33A nanograms IAA per plant, and scutella 7.5 nanograms IAA per plant. [5-3HIIAA applied to endosperms of 6-day-old seedlings moved into the roots and radioactivity accumulated at the apex of the primary root within 8 hours. Two to 7-day-old seedlings were treated simultaneously with IS3HIIAA in the endosperm and 12-'4C1 IAA on the shoot apex. The patterns of transport into the root were found to change during ontogeny: in successively older plants, transport from the shoot into the roots increased relative to transport from the endosperm into the roots. The auxin required for the growth of maize roots could, therefore, partially be contributed by the shoot and endosperm. Ontogenetic changes in the relative importance of these two supplies could be of significance for the integration of growth and development between shoot and root.
It has been suggested (7, (23) (24) (25) that maize root growth is regulated by concomitant actions, in the elongation zone, of IAA and ABA. IAA required for maize root growth could be supplied partly by the shoot and caryopsis (6, 8) . [3H] IAA is transported from the maize shoot apex into the roots and accumulates in the tip of the primary root (15) .
Maize caryopses have been shown to contain both free IAA and IAA conjugates (1, 2, 5, 12, 15, 29) . The caryopses therefore represent a potential supply of auxin for the roots and shoots. Radioactive IAA applied to maize endosperms has been shown to be transported into the shoot (3, 9, 11, 21) and into the root (3) . In Vicia faba, IAA is transported into the root from the epicotyl and from the seed (28) . It has recently been shown (4) that the maize endosperm and coleoptile both influence the growth and gravireaction of primary roots, although the way in which control is achieved is not yet clear.
The purposes of the present investigation were first to determine the distribution of free IAA in caryopses of 6-d-old maize seedlings, second to determine whether IAA is transported from the caryopsis into the roots, and third to investigate the relative contributions of IAA supplied by the shoot and caryopsis to the roots of plants of different ages. The last of these questions was to be resolved using a double-label technique whereby shoot-toroot transport and endosperm-to-root transport could be measured simultaneously in the same plants. ' Amer- sham, U.K.) were added to permit the estimation oflosses during purification. The same method was used for endosperms and scutella; the quantities of solvents, etc., given above are those used when 5 g dry weight of endosperm were extracted; when scutella (which weigh less per unit) were used, the volumes of solvents, etc., were reduced proportionally.
Purification of Extracts. The pooled extract (including the [2-'4C]IAA) was evaporated almost to dryness under reduced pressure at 30°C. K2HPO4 (12.5 ml of 0.5 M) (pH about 8.5) was added and the aqueous solution was washed with 12.5 ml of freshly redistilled diethyl ether from which peroxides had been removed (16), followed by a second wash, using 12.5 ml of petroleum ether (boiling range, 60-80'C). The aqueous fraction was acidified to pH 3.0 using 6 M HCI and extracted twice with 12.5 ml aliquots of ether, the combined ether fractions were partitioned with 25 ml of 0.05 M K2HPO4. The aqueous phase was acidified to pH 3.0 using 1.0 M HCI and extracted twice with 25 ml aliquots of ether. The ether was concentrated almost to dryness under reduced pressure at 30°C and the residue dissolved in 1.0 ml of K2HPO4 and applied to a column of PVP 10 cm long x 1.9 cm diameter, which had been equilibrated with the same buffer, and the column was eluted with 175 ml ofthe same buffer at a flow rate of 100 ml h-'. The (18) .
Harvesting of Roots and Determination of Radioactivity. In the single-label experiment, plants were harvested 24 h after treatment and radioactivity profiles along the primary root were determined (18) . In double-label experiments, plants were harvested after a transport period of 8 h, samples were prepared as in single-label experiments and combusted in an 'Oxymat' sample oxidizer; 3H20 and14C02 were trapped in separate scintillation cocktails. The radioactivity due to each isotope was determined with minimum cross-contamination by the second isotope as follows. '4C]IAA to be applied, published results (18) and the results of the single-label experiment described here were considered in order that the final radioactivity in the roots due to3H should be roughly one order of magnitude greater than the radioactivity due to 14C (because14C contamination of3H has a greater effect on the counts than does 3H contamination of14C. (b) Use of the sample oxidizer separated the two radioisotopes with less than 1% carry-over of14C into3H and less than 0.5% carry-over of 3H into 14C. (c) Conditions for determination of radioactivity were optimized for each isotope separately using a Packard 'TriCarb' Liquid Scintillation Spectrometer and were achieved when the gain was 16% for 14C and 60% for 3H. Radioactivity was corrected for quenching and Oxymat efficiency and expressed as the percentage of the applied radioactivity found in the root, or in order to allow for growth in plants of different ages, as dpm per mg dry weight of root. (Table I) ; however, owing to its greater mass, the total IAA content per endosperm was 4.5-fold greater than per scutellum. Several studies (12, 27, 29) have shown that the levels of free IAA and IAA conjugates in the caryopsis change during germination. The free auxin content increased during the first 1 to 2 d of germination, then declined. In contrast, bound IAA started to decline as soon as germination started (12) . However, in caryopses of Stowell's Evergreen Sweet Corn, the level of free IAA has already fallen by about 45% after 2 d germination (9) . The IAA content of caryopses which had germinated for 80 h is 308 pmol IAA/caryopsis (9) ; that is 53.9 ng/ caryopsis, which is comparable with the present results (40.9 ng/ IAA Transport from the Caryopsis into the Root. Twenty-four h after endosperms of 6-d-old seedlings had been treated with [5- 3H]IAA, radioactivity had moved throughout the primary root and accumulated within the root tip (cap, quiescent center, and meristem), especially within the apical 1.5 mm (Fig. 1) . This is similar to the pattern of radioactivity observed (18) Fig. 2A) . Root dry weight also increased with plant age (Fig. 2B) (Fig. 3A) the primary root changed little with plant age, no matter whether we consider transport from the shoot (Fig. 3A) or from the endosperm (Fig. 3B) . However, the results for adventitious roots did differ in the two graphs. The proportion of the radioactivity transported from the shoots (Fig. 3A) into the adventitious roots increased with the age of the plant, whereas the proportion of the applied radioactivity transported from the endosperm into the adventitious roots (Fig. 3B ) increased up to 4 d and then declined. Therefore, the ratio of the proportion of the applied radioactivity transported into the adventitious roots from the shoot apex to the proportion transported from the endosperm increased from about 0.3:1 in 2-d-old plants to about 2.5:1 in 7-d-old plants. This ratio changed less in the primary roots (from about 1:1 to about 2:1).
It is possible to compare these results with the level of endogenous IAA in maize endosperms on the 6th d of germination (Table I) . On the 6th d, 0.3% of the radioactivity applied to the endosperm was transported into the primary roots within 8 h ( Fig. 3B ) and the corresponding amount for adventitious roots was 0.7%. Ifapplied and endogenous IAA mix in the endosperm, this implies that an equivalent proportion of endogenous IAA would have been transported during the same period. From Table I , it can be seen that the content offree IAA per endosperm is 33.4 ng. This means that the transport of endogenous IAA from the endosperm to the roots within 8 h would be 0.23 ng/ plant for adventitious roots and 0.1 ng/plant for primary roots. When we note that the levels of endogenous IAA in primary and adventitious roots of Giant White Horsetooth after 6 d are 5.8 and 4.1 ng/plant, respectively (17) , it is clear that the amounts of IAA transported are, physiologically, highly significant.
In Figure 4 , A and B, radioactivity is expressed per mg dry weight of root. Radioactivity per unit dry weight of tissue was always greater in the adventitious roots than in the primary roots. This applied to 14C transported from the shoot (Fig. 4A ) and to 3H transported from the endosperm (Fig. 4B) . The only parameter which changed markedly with plant age was the quantity of 3H transported from the endosperm into the adventitious roots, which declined from 3000 dpm mg-' dry weight in 2-d-old plants to 300 dpm mg-' dry weight in 7-d-old plants. This may be explained by a dilution effect: the absolute radioactivity transported from the endosperms into the adventitious roots changed relatively little with time (Fig. 3B) , whereas the total weight of the adventitious roots increase by a factor of about 10 between days 2 and 7 (Fig. 2B) . The amount of radioactivity transported per plant from the endosperm into primary roots was the same for plants of all ages, because the decline in radioactivity per unit weight of tissue (0.7-0.2 dpm/,ug dry weight) (Fig. 4B) was matched by an equivalent increase in dry weight (over 3-fold) (Fig. 2B) .
We conclude that the radioactivity measured in the roots after 8 or 24 h of transport gives a good indication of the quantity of radioactive IAA which has been transported into the roots during this period, although it does not precisely quantify the radioactive IAA in the roots at that instant, because some metabolism has occurred. It is important to note that metabolism occurs chiefly within the root subsequent to transport from the aerial parts. When radioactive IAA had been applied to maize shoot apices, the radioactivity in the primary roots 8 h later comprised about 50% metabolites (17, 18) . Radioactivity was transported rapidly (18) (22) . These results not only suggest that in the present study IAA metabolism occurs subsequent to transport in the stele, but also give an explanation for the much higher degree of metabolism found (20) when maize root segments incubated in radioactive IAA (in which case the cut surfaces and cortex were exposed to the solution). This emphasizes the difference between IAA metabolism in root segments and in the roots of intact plants. It has already been mentioned (18) that any oxidation products or conjugates of IAA which could have been produced in the endosperm are not readily transportable (10, 19) . Hence, the radioactivity measured in the present experiments is concluded to reflect the quantity of IAA made available to the roots.
The increase observed during ontogeny in the ratio of the proportion of the applied radioactivity transported into adventitious roots from the shoot to that transported from the endosperm suggests an increasing role of IAA from the shoot compared with the caryopsis during the growth of the adventitious roots. The shift in the corresponding ratio for primary roots is less marked; this might be explained by the fact that, while early growth of primary roots is rapid (therefore requiring IAA from the endosperm), their subsequent growth is slower than that of adventitious roots (therefore requiring less IAA from the shoot). It is suggested that the growth of roots in very young (2-3 d) maize seedlings depends on a supply of IAA from the endosperm but that, as the shoot develops (up to 7 d), the shoot plays an increasingly important part in supplying IAA to the roots. This could be a means whereby the balance between shoot and root growth is maintained during the development of the maize seedlings.
